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本论文主要目的是研究 La 的修饰对 SiO2 和 SBA-15 负载的 V 基催化
剂上以 O2 为氧化剂的丙烯光催化环氧化反应性能的影响，并对 La 的作用机理
进行了初步探讨。在论文的第一部分工作中，采用浸渍法制备了不同 V 负载量 
VmOx/SiO2 催化剂并考察了其丙烯光催化环氧化反应性能，研究了 La/V 摩尔比
对 Vm-LanOx/SiO2 催化剂性能的影响，通过改变催化剂制备方法和添加不同稀土
元素进行调变，对催化剂性能进行了优化，结果表明，VO4 是丙烯光催化环氧
化反应的活性位。添加 La 可明显改善 V0.3Ox/SiO2 催化剂的稳定性和选择性，
佳 La/V 摩尔比为 1.5。溶胶凝胶法制备的 V0.3-La0.45Ox-SiO2 催化剂的性能优
于（共）浸渍法制备的 V0.3-La0.45Ox/SiO2 和 V0.3Ox/La0.45-SiO2。不同稀土元素调
变的 V0.3-LnnOx-SiO2 催化剂的丙烯光催化反应活性大小依次为: La > Gd > Ce > 
Pr。通过低温 N2 吸附，UV-Vis DRS，ESR 和 Raman 光谱等实验技术对催化
剂进行了表征，研究发现，比表面积不是影响催化剂活性的主要因素，但比表面
的增大利于 PO 选择性的提高。V0.3Ox/SiO2 催化剂上含有少量聚合的 VOx 物种，
在室温条件下催化剂容易吸附水分子和 PO 等产物，导致催化剂的活性迅速降
低。La 的修饰可通过与 VOx 形成 LaVO4 物种，减少了孤立 VO4 的数量，因
而降低了催化剂的初始活性，但弱碱性 La2O3 的添加可降低催化剂的酸性，有
利于产物的快速脱附，提高了催化剂的稳定性和 PO 选择性。论文的第二部分
为进一步优化催化催化剂的性能，采用甲醇回流浸渍法制备了 La 修饰的 
V0.3Ox/SBA-15 催化剂，并比较考察了不同的 La 添加方式对催化剂性能影响，
结果表明，将  La 原位合成到  La0.5-SBA-15 载体上，再浸渍  V 制备的
V0.3Ox/La0.5-SBA-15 催化剂由于具有 大的比表面积，有利于 VOx 的分散，且
La 与 VOx 之间作用较弱，形成的 LaVO4 较少，高分散的 VO4 物种较多，使



















This thesis mainly focuses on the studies of the interaction between La modified 
supported vanadium oxide on SiO2 and SBA-15 catalysts and catalytic performance 
for photocatalytic epoxidation of propylene with molecular oxygen, and also 
discusses the effects of La loading. In the first part of the paper, we examined the 
photocatalytic performance for epoxidation of propylene over VmOx/SiO2 catalysts 
with different V loadings prepared by routine impregnation method, and investigated 
the effect of La/V molar ratios on Vm-LanOx/SiO2 catalysts. We employ different 
prepared methods of catalysts and adding different rare earth elements to future 
optimize the photocatalytic performance of catalysts. The results show that isolated 
VO4 is the active sites of epoxidation of propylene, the photocatalytic performance of 
V0.3Ox/SiO2 catalyst were enhanced after La addition, and the optimal La/V molar 
ratios is 1.5. The photooxidation ability of V0.3-La0.45Ox-SiO2 catalyst synthesized by 
sol-gel is better than V0.3-La0.45Ox/SiO2 prepared by com impregnation method and 
V0.3Ox/La0.45-SiO2 prepared by impregnation method. The photocatalytic performance 
of V0.3-Ln0.45Ox-SiO2 with different rare earth elements in accordance with the 
sequence of La > Gd > Ce > Pr. The catalysts were characterized by means of BET, 
UV-Vis DRS, ESR and Raman spectroscopy techniques. It is found that the surface 
area of catalysts is not a key factor for photocatalytic activity, but large surface area is 
in favor for improving the PO selectivity. There exists some polymerized VOx species 
on V0.3Ox/SiO2, the species are easy to adsorb of water molecules and PO etc products 
at room temperature, and some not easy to be oxidized of V4+ species were produced 
in the process of photoreaction. These factors can explain the decrease of the 
photocatalytic activity of V0.3Ox/SiO2 catalyst. After La addition into the V0.3Ox/SiO2 
catalyst, the polymerized of VOx species were suppressed and LaVO4 was formed, 
meanwhile the V5+species were increased and isolated VO4 species were decreased. 
These factors are the reasons of decrease the initial activity of La modified 















stability and PO selectivity of catalysts. 
In the second part of the paper, to future optimize the photocatalytic performance 
of catalysts, we prepared La modified V0.3Ox/SBA-15 catalysts with methanol reflux 
dipping method and examined the performance of these catalysts The results show 
that the highest propylene conversion rate of 116 μ mol⋅g -1⋅h-1 with selectivity of 
32.3 % was obtained over V0.3Ox/La0.5-SBA-15 catalyst which was use in situ 
synthesized La0.5-SBA-15 as support. The catalyst possesses the highest surface area, 
it is in favor of disperse of VOx species, the weak interaction between La and VOx just 
form a litter LaVO4, in other worlds, the isolated VO4 is abundant than other catalysts. 
There exists a series of redox process between V5+ species and V4+ species by 
characterized the fresh and used catalysts. The V4+ species is increase with the time on 
stream.  
Key worlds: lanthanum; vanadium; propylene; photocatalytic; propylene oxide; SiO2; 
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